luminosity to period. The second is that in this region of chaotic diffuse nebulosity, irregular variation in the light of deeply red stars is prevalent. And, of most significance, the absolute photographic luminosities of giant eclipsing binary stars are determined with relatively high accuracy, and a %preference for absolute magnitude -2 is indicated.
The frequency of non-disjunction is not equal to the frequency of exceptional females among the female class, however, for only half of the fertilized XX non-disjunctional eggs ordinarily emerge as adult flie §, namely, the half that is fertilized by Y-bearing spermatozoa. The other half that is fertilized by X-bearing spermatozoa gives rise to superfemales having three X-chromosomes, and under ordinary conditions superfemales only rarely eclose from their puparia.9' 12 Accordingly, if p represents the percentage of secondary non-disjunction, or, better (XX)-( Y) segregation, and q the frequency of exceptional females, then p = 100(2q/1 + q).
From this relation it follows that about 54% of all.segregations in In(1) C/ +/ Y are non-disjunctional for the X-chromosomes, and some 63% of all segregations in In(l)dl-49/+/ Y females are also of the type (XX)-(Y). The high frequencies of secondary non-disjunction in these two cases are of more than passing significance, for as Sturtevant and Beadle'6 remark, they are in sharp disagreement with predictions based upon Bridges' generally accepted and now classic hypothesis concerning the mechanism of secondary non-disjunction. Purely diagrammatic represeutation of Bridges' (1916) hypothesis of secondary nondisjunction. Line 1, the consequences of XX-conjunction, Y being excluded from association. Line 2, the consequences of X Y-conjunction, one X being excluded from association. Equally probable anaphase patterns arising from the particular metaphase associations are represented in blocks b and c. Secondary non-disjunction has a maximum value of 50% on this hypothesis.
Bridges' (1916)1 hypothesis was in total accord with all of the known facts at the time at which it was proposed, and remained a satisfactory accounting of the mechanism and consequences of secondary non-disjunction until Sturtevant and Beadle's work upon heterozygous X-chromosome inversions. Bridges assumed that in XXY females the two Xchromosomes and the Y-chromosome are in mutual competition for a pairing or conjunctive partner, and that when any two of these three homologous chromosomes succeed ifi pairing, the third is left unassociated. Furthermore, the univalent chromosome was supposed to distribute randomly with respect to the poles, as is known to be the case for many univalents. The operation of the hypothesis is diagrammatically represented in figure 1. Line 1 represents the consequences of XX-pairing, leaving Y a univalent to assort randomly. Line 2 represents the nondisjunctive process as Bridges conceived it. One X pairs with Y, the other X being a univalent. When anaphase occurs the univalent. X goes to the Y-pole (2c) in 50% of the cases, and to the same pole of the spindle as the other X (2b) in the remaining 50% to give XX non-disjunctional nuclei.
On Bridges' hypothesis, therefore; one hundred per cent pairing of Y with an X, could it be brought about, would give a maximum p of only 50%S, and a maximum q of 0.33 as the frequency of exceptions among the female class of offspring. Thus the 54% non-disjunction.found in In(l)C/+/Y and 63% for In(l)dl-49/+/Y cannot be accounted for on the basis of Bridges' assumptions. As Sturtevant and Beadle'6' 17 remark, a new interpretation of secondary non-disjunction must be sought as "the general problem of the mechanism of secondary non-disjunction is unsolved." It is the purpose of this note to provide such a new interpretation of the mechanism of secondary non-disjunction, along with data on several synthetic high non-disjunctional lines upon which the new interpretation is based.
All chromosomes (including the Y) of the Drosophila melanogaster stocks employed in the research now reported were derived from Canton-S, with the exception of the inverted X-chromosomes and the possible exception of the fourth chromosomes in some strains. Special methods were adopted to guarantee that homologous large autosomes were isosequential through all the stocks employed, and this was also the case for any non-inverted X-chromosome used in the crosses. the reason for building up such -special stocks, the chromosomes of which are isosequential inter se Now it is known that the presence of these inversions in heterozygous combinations markedly increases the proportion of non-exchange tetrads formed by the X-chromosomes,'0' 13, 15 16 whether or not a Y-chromosome is present. Indeed, as a conservative estimate, at least 76% of the Xchromosome pairs in Ins(l)dl-49, BM1/+, Dp(l; 1)112 are non-exchange tetrads,10 and this is also the case where the uninverted chromosome lacks a duplication. The degree to which crossing-over is eliminated may be taken as one measure of the meiotic dissimilarity of the X-chromosomes caused by their sequential non-homology in principally euchromatic lengths.
But as the X-chromosomes become sequentially dissimilar through the introduction of heterozygous combinations of inversions affecting their euchromatic lengths, so they become effectively more like Y-chromosomes in their pairing affinities. A moment's reflection will bring conviction that were the euchromatic lengths of two X-chromosomes to be made wholly dissimilar, but the so-called "inert" or chromocentral regions to remain essentially unaltered, then conjugation between the X-chromosomes would be predominantly a heterochromatic affair-a process occurring almost exclusively between the chromocentral regions.4 This, however, is merely another way of stating that conjunction. becomes more frequent in those regions of X wherein pairing with Y normally occurs. Hence, as, is found to be the case, when a Y-chromosome is present nondisjunction markedly rises in X-chromosome inversion heterozygotes, probably because the sequential differences between the X-chromosomes in effect emphasize their likenesses to the Y-chromosome. Thus, where the X-chromosomes are ev*rywhere in sequential homology, Y induces a rise in non-disjunction from 0.02% in +/+ to a mere 1.6% in +/+/ Y.
In other words the X-chromosomes share more similarities with each other than they do with the Y-chromosome, and Y becomes an effective partner to X in only a small proportion of the cases-perhaps less than 2% of all associations in +/+/ Y. But Purely diagrammatic representation of the interpretation of secondary non-disjunction proposed here. Line 1 offigure 1 is held to represent accurately the consequences of XX-conjunction in XX Y females. Line 1 of figure 2 shows an X YX trivalent and the imposed non-random segregation following alternate coorientation of the associated chromosomes. Line 2 represents a linear orientation of an X YX trivalent, and two of the possible consequences in anaphase. Such misoriented trivalents may lead to the loss of Y and other irregularities, but do not give rise to exceptional gametes. The majority of trivalents are supposed to orient alternately as in la, hence this interpretation admits a possible maximum of 100% secondary xftn-disjunction.
The interpretation of secondary non-disjunction that is offered here asserts, therefore, that secondary non-disjunction is not a case of nondisjunction at all, but an example of imposed non-random segregation from a sex-chromosome trivalent.7 The mechanism proposed has a direct analogy with the segregative mechanism normally occurring for XI, X2 and Y in the spermatogenesis of Drosophila miranda."1 It may be pointed out that X YX trivalents formed at meiosis in any XX Y female of Drosophila melanogaster may be greater than the percentage of secondary non-disjunction owing to the probable occurrence of some linear orientations of the trivalent at first metaphase (Fig. 2, line 2) .
The (4) that in those cases where secondary non-disjunction exceeds 50%, the Xchromosomes must have a partner that can pair with both X-chromosomes simultaneously (i.e., in general the partner must have two arms). And so forth. Each of these implications has been put to test, and each has so far proved to be in accord with the experimental facts. 2%, 14%, 14%, 63% and 78%, respectively. This is the very order that would be predicted, and since In(l)sc7 and In(l)BMl are of the same order of size, close similarity in their effects on raising the secondary non-disjunction rate is to be expected.
(2) On the new interpretation, if each arm of Y is equivalent to X in its pairing, and if the order of pairing is random, but pairing complete in so far as possible, then in XX Y females secondary non-disjunction would be expected to approximate a p of 80%. It is interesting to note that this is the uppermost value for secondary non-disjunction so far attained in my experiments. In XX YY females tetravalents may be expected if corresponding arms of Y may pair, but their characteristics of orientation is an unknown factor. However, it may be assumed that, for necessity of spatial economy on the spindle, alternate orientations (N) should exceed adjacent (A4). If results for equality of these two classes of orientation be calculated, as well as for total alternate orientation, then the expectation is that secondary non-disjunction in XX YY females will have a p with some value in the interval from 27 to 52%. If Volutin as a Cytological Entity.-Volutin, which is widely distributed in bacteria and fungi and is also called metachromatin, is a clearly defined cytological entity, distinguished by its ability to retain basic stains when the cells are rinsed in dilute acid. When volutin is stained with methylene blue or toluidine blue, it retains the stain after treatment with 1 per cent sulphuric acid. In addition to being "acid fast," volutin has the characteristic of staining red or purple with methylene blue or toluidine blue, in contrast to other basophilic components of the cell which stain blue with these dyes. Both metaphosphates and estersulphates retain dyes after destaining and stain red or purple with toluidine blue. Volut±n is widely distributed in fungi and bacteria, while the estersulphates' are apparently widely distributed in higher animals. Wiame's work2 strongly suggests
